Abstract An 80-year-old man was treated at our hospital for chronic kidney disease, diabetes mellitus and hypertension. He presented a bleeding tendency over the past several weeks. When he was admitted to our hospital with a consciousness disturbance, he had irregular 10-20 cm patches of subcutaneous bleeding. Laboratory findings showed prolonged activated partial thromboplastin time (APTT) but normal platelet count and prothrombin time. The administration of fresh frozen plasma did not control the bleeding tendency and the result of APTT cross-mixing test suggested the presence of factor VIII inhibitor. The diagnosis of acquired hemophilia A was made by a marked decrease in factor VIII activity levels (\1 %) and a high titer of factor VIII inhibitor (11 Bethesda units). To remove the factor VIII inhibitor and suppress its production, plasma exchange was performed and methylprednisolone was administered. Thereafter, the bleeding tendency could be controlled with APTT measurement normalization. Plasma exchange does not have a first priority in the treatment but our case findings suggested that plasma exchange is an effective method for eliminating factor VIII inhibitor and alleviating acquired hemophilia A severity.
Introduction
In patients with acquired hemophilia A, factor VIII levels are usually decreased due to the synthesis of factor VIII inhibitors. These patients present with a bleeding tendency and prolonged activated partial thromboplastin time (APTT) with normal platelets and prothrombin time. Although the mechanisms of acquired hemophilia A remained unclear, disorders of immune system which is related to postpartum state, autoimmune diseases, malignancy, infection, drug-induced adverse effects, and aging would have associations with the development of this disease [1] . Immunosuppressive therapy is thought to be an important strategy in addition to the hemostatic therapy. Furthermore, mainly in Europe, several reports have indicated the effectiveness of blood purification, including plasma exchange and plasma absorption, to remove its inhibitor from the circulating plasma [2] [3] [4] . Here, we report a case of acquired hemophilia A caused by the presence of factor VIII inhibitor, which was dramatically improved by plasma exchange with methylprednisolone administration. Although plasma exchange is not the first-line therapy for acquired hemophilia A [5] [6] [7] [8] [9] , we found it an effective method for removing factor VIII inhibitor and alleviating the severity of acquired hemophilia A.
Case report
Our patient was an 80-year-old man who was treated in our hospital with end stage kidney disease, diabetes mellitus, hypertension, hyperlipidemia, hyperuricemia, atrial fibrillation for over 10 years in each disease, and a past history of angina pectoris with a surgical history of coronary artery bypass graft at the age of 78. His medications included: cilnidipine 10 mg/day, doxazosin mesilate 0.5 mg/day, furosemide 60 mg/day, aspirin 100 mg/day, lansoprazole 15 mg/day, carvedilol 2.5 mg/day, spironolactone 25 mg/ day, febuxostat 20 mg/day, atorvastatin calcium hydrate 10 mg/day, sennaride 12 mg/day, insulin aspart 20 units/ day and insulin glargine 8 units/day. The above medications had not been changed for [1 year.
The patient had noticed the bleeding tendency with subcutaneous bleeding induced by shaving and scratching for several weeks prior to admission. When he admitted to our hospital complaining of disturbed consciousness and the bleeding tendency, he had 10-20 cm irregular patches of subcutaneous bleeding on his forearms and purpura inside his thighs. On his physical examination, his conjunctiva appeared anemic but not icteric. A rectal examination showed no bloody or tarry stool. He had no abnormal neurological signs except slight drowsiness. His body temperature was 37.5°C, heart rate was 87 bpm, blood pressure was 123/49 mmHg, and oxygen saturation was 97 % on room air. We did not find any abnormalities on his chest x-ray, electrocardiography, or head computed tomography.
The patient's laboratory data on admission are shown in Table 1 . In particular, a blood coagulation test showed a prolonged APTT (96.5 s), whereas the platelet count (19.3 9 10 4 /lL) and prothrombin time (14.6 s) were within the normal range. Factor VIII activity was markedly decreased to\1 % (normal range 60-150 %), whereas von Willebrand factor level was within the normal range and lupus anticoagulant was negative. The APTT cross-mixing test, which is useful for the rapid distinction between factor VIII deficiency and the presence of factor VIII inhibitors, revealed that APTT linearly declined (Fig. 1) . Accordingly, the existence of factor VIII inhibitor was suspected and factor VIII inhibitor titer was further examined. The titer increased at 11 Bethesda units, so he was diagnosed with acquired hemophilia A. Although fresh frozen plasma (FFP) was administered to control his bleeding tendency, the APTT did not improve at all. WBC white blood cell, RBC red blood cell, Hb hemoglobin, Ht hematocrit, MCV mean corpuscular volume, MCHC mean corpuscular hemoglobin concentration, plt platelet, Ret reticulocyte, PT prothrombin time, APTT activated partial thromboplastin time, FDP fibrinogen degradation products, AT-3 antithrombin-III, TP total protein, Alb albumin, T-Bil total bilirubin, D-Bil direct bilirubin, AST aspartate aminotransferase, ALT alanine aminotransferase, LDH lactate dehydrogenase, ALP alkaline phosphatase, c-GTP c-glutamyltransferase, BUN blood urea nitrogen, Cr creatinine, UA uric acid, Na sodium, K potassium, Cl chlorine, CRP C reactive protein, BS blood sugar, Fe iron, UIBC unsaturated iron-binding capacity, LA lupus anticoagulant, ANA antinuclear antibody, RF rheumatoid factor, Anti ds-DNA Ab anti double strand DNA antibody, Anti Sm Ab anti smith antibody, CH50 serum complement level, VW factor von Willebrand factor
As soon as the diagnosis of acquired hemophilia A was made, methylprednisolone (0.6 mg/kg/day) was administered and plasma exchange was performed to remove the factor VIII inhibitor and suppress its production. With regard to the manner of plasma exchange, Plasmaflo OP (Asahi Medical, Tokyo, Japan) that contains a polyethylene membrane was used as a plasma separator, and 45 mL/ kg 9 body weight (kg) of FFP was used as the substitution fluid. As an anticoagulant, 30 mg/h of nafamostat mesilate was used to prevent further bleeding tendency in this case. Plasma exchange was performed every alternate day and three times in total. Thereafter, the APTT was normalized and bleeding tendency was alleviated (Fig. 2) . Thereafter, factor VIII activity improved to 86 % and the titer of its inhibitor decreased to 1 Bethesda unit.
This patient was discharged after being fully recovered and has been treated successfully on an outpatient basis since then.
Discussion
In patients with acquired hemophilia A, the synthesis of factor VIII inhibitor, which is induced by immunological abnormalities, reduced the quantity of factor VIII. Although the precise mechanisms of inhibitor synthesis remain unclear, various factors are thought to be associated with it [1]. The frequency of acquired hemophilia A was reported to be 1-1.5 in per million persons per year [5] [6] [7] [8] [9] [10] , and in the United Kingdom, the incidence of acquired hemophilia increases with age and the median patient age was 78 years [7] . In this case, there were no abnormalities with autoimmune diseases, malignancy, infection, and drug-induced adverse effects, and therefore, only age would be a possible cause of factor VIII inhibitor synthesis.
In the treatment of acquired hemophilia A, it is important to adequately correct the immunological disorders and control the bleeding tendency. Under the condition of moderate or severe bleeding, recombinant activated factor VII (rFVIIa) or activated prothrombin complex concentrate (APCC) are recommended for by-passing concentrates [6] . If the titer of factor VIII inhibitor is low (\5 Besethda Units), the infusion of factor VIII concentrates would be effective as same as rFVIIa or APCC, even in the presence of factor VIII inhibitor [9] . However, all of these coagulation factor concentrates are extremely expensive, making their use difficult in the clinical setting. In this case, considering the bleeding severity, patient age and cost effectiveness, a plasma exchange with methylprednisolone administration was initiated instead of treatment with coagulation factor concentrates.
The Modified Bonn/Malmo protocol (MBMP), which includes large volume absorption 2.5-3 times the total plasma volume with a double column system comprising Sepharose-coupled anti-human immunoglobulin G (IgG) sheep antibodies in combination with immunosuppression, IgG administration, and high-dose factor VIII substitution, was recently reported in Europe [2, 3] . In the Nordic Guidelines for Diagnosis and Treatment of Acquired hemophilia, plasmapheresis or immunoabsorption followed by factor VIII concentrates administration is recommended only if the other alternative treatments have failed [6] . In the United Kingdom Haemophilia Centre Doctors Organization's guideline and international recommendations on the diagnosis and treatment of patients with acquired hemophilia A, the use of immunotolerance regimens with immunoabsorption was recommended in the case of lifethreatening bleeding [5, 8] . However, in Japan, the absorption column that is used in the MBMP cannot be obtained in the clinical setting, and therefore, plasma exchange was performed instead of plasma adsorption in this case. The use of plasma exchange for treating acquired hemophilia A has several benefits. First, in a patient with acquired hemophilia complicated by lung tuberculosis, plasma exchange without immunosuppressive therapy was previously reported effective [3] . To prevent various complications such as infection due to excessive immunosuppression in patients who are elderly, have immunocompromised status, or have active infection, the administration of plasma exchange would be favorable. Second, plasma exchange would be also effective as well as plasma adsorption because of pathological and physiological mechanisms by removing factor VIII inhibitors from the patient's circulating plasma. Factor VIII inhibitors are polyclonal autoantibodies to FVIII, which usually belong to IgG1 and IgG4 subclasses, and have molecular weights of about 150,000 Da. The sieving coefficient in this separator for IgG was previously reported to be from 0.94 to 1.0, and furthermore, this value was well maintained even after 3L plasma perfusion [11] .
Finally, plasma exchange is much more cost-effective. For example, the cost of rFVIIa is about 99,000 yen per 1 mg. Following pharmaceutical references, at least 36 mg per day rFVIIa is used (3,564,000 yen) in 50 kg patient. On the other hand, the cost of plasma exchange is about 272,000 yen per session. Therefore, in Japan, the administration of coagulation factor concentrates is more expensive than that of plasma exchange.
In conclusion, we experienced an elderly case of acquired hemophilia A. Plasma exchange with methylprednisolone administration is an effective method for removing factor VIII inhibitor and alleviating acquired hemophilia A severity.
